Sesamum indicum L. has the potential to be cultivated as a forage plant in hot and dry climate regions, and it can be used to increase the food security of a herd. The objective of this study was to evaluate growth, production, and chemical composition of S. indicum compared with conventional forages used for silage production. The experiment used a randomized complete block design with split-plots related to time and four replicates per treatment. The plots consisted of four treatments (Zea mays L., Helianthus annuus L., Pennisetum glaucum [L.] R. Br., and S. indicum), and the subplots were two evaluation periods (2014 and 2016 harvests). Dry forage biomass production differed among the species in the 2014 harvest with values of 25 530, 12 190, 9408, and 9250 kg ha -1 for Z. mays, S. indicum, H. annuus, and P. glaucum, respectively. Maize had a greater variation in forage production between the 2 yr, followed by S. indicum. There were higher dry matter (DM) contents (P < 0.0001) for Z. mays and S. indicum (404.5 and 251.7 g kg -1 , respectively). Regarding crude protein, H. annuus and S. indicum had levels of 167.2 and 117.7 g kg -1 , respectively. According to the results, it can be inferred that sesame, like millet, provides greater feeding security for ruminant herds in regions with irregular rainfall.
INTRODUCTION
Ruminant feeding in the tropics is based on cultivated or native pastures, which are influenced by two distinct periods, rainy and dry. During the rainy season, available feed is abundant and exhibits good nutritional quality, while during the dry season, roughage availability and quality are reduced. Storing forage as silage is an excellent alternative to maintain good quality and availability during the forage shortage period and supply moist and palatable feed during pasture scarcity; this provides higher security for the herds Wilkinson and Rinne, 2017) .
Several forage species can be used, especially corn (Zea mays L.), which usually produces well-preserved silage because of its adequate dry matter (DM) and soluble carbohydrate contents and low buffer capacity. While corn is considered standard silage, its production and quality are uncertain because it is strongly influenced by water availability (Neumann et al., 2017) . Sunflower (Helianthus annuus L.) and millet (Pennisetum glaucum [L.] R. Br.) have been widely used in animal feeding as silage, but they have low DM levels and high buffering power and pH in the ensiled material. Although sunflower and millet are options, other forage alternatives are sought that provide greater security to complete the production cycle and at the same time require less precipitation. Among forages with higher tolerance to water stress, sesame (Sesamum indicum L.) is quite adapted to this type of situation. Sesame is widely cultivated in northeast Brazil by family farmers to extract vegetable oil for human and animal consumption and as an alternative forage plant, which provides greater food security to cattle ranchers.
It was hypothesized that sesame has the potential to be cultivated for silage forage, not only as an agricultural species, but along with crops already established for this purpose, such as corn, millet, and sunflower. Sesame can show better production adaptability between harvests in a tropical climate environment than corn and other forage species of conventional agriculture for silage production; this offers greater food security for the producers of these regions. Therefore, the objective of the present study was to evaluate growth, production, and chemical composition of sesame compared with forages usually used for silage production.
MATERIALS AND METHODS

Local conditions and experimental design
The experiment was carried out at the Federal University of Piauí, Campus Professor Cinobelina Elvas, in Bom Jesus, State of Piauí (09°04'28" S, 44°21'31" W; 277 m a.s.l.), Brazil. Temperature and precipitation data during the months of the experiment (January to April 2014 and January to April 2016) were obtained from the Bom Jesus meteorological station on the National Meteorological Institute (INMET) website ( Figure 1 ).
The experiment was carried out from January to April 2014 (2014 harvest) and January to April 2016 (2016 harvest), and the crops were cultivated on dry land. To establish the crops, one plowing and two harrowing cycles were done to prepare the soil. The experimental area was 144 m 2 divided into 16 plots of 5 m 2 each, separated by uncultivated 1 m wide spaces, and the total size of each plot was 9 m 2 . The plot size was in accordance with the recommendation made by Sousa et al. (2016) for agricultural crops.
Planting and harvesting
The forage species were planted in six rows with 0.7 m row spacing in each plot. Seeds were sown on 1 January 2014 and 1 January 2016 in 3 cm deep furrows with a seeding density of 30 seeds m -1 for the forage species under study: corn (Zea mays L.) 'Bandeirante', sunflower (Helianthus annuus L.) 'BRS 324', millet (Pennisetum glaucum [L.] R. Br.) 'BRS 1501', and sesame (Sesamum indicum L.) 'CNPA G2'. Plants of all the studied species were thinned 30 d after planting to reach a density of 20 plants m -1 . The same conditions were maintained for all the studied species.
Fertilization was carried out during the 2 yr according to the soil analyses shown in Table 1 and following the recommendations made by Barcellos et al. (2007) . At planting in both years, 40 kg P ha -1 (single superphosphate, 18% P2O5) and 60 kg K ha -1 (potassium chloride, 48% KCl) were applied, and 70 kg N ha -1 (urea, 45% N) was applied 45 d after planting.
The time to harvest and determine the evaluations was according to the seed maturation of the forage species. The hard farinaceous grain stage was considered for corn, whereas for millet, sesame seed, and sunflower, it was the yellow color of the head with the leaves showing brown coloring and specifically when the grain was pasty to farinaceous. All forage species were cut 10 cm from the soil, and the aim was to maintain the same conditions for all the species. Alegre, Rio Grande do Sul, Brazil). The plant lodging percentage was evaluated by counting the number of lodged plants in the plot.
Growth characteristics and morphological components
To evaluate the morphological characteristics, two plants were randomly selected from each plot; leaf (g kg -1 ), stem (g kg -1 ), dead material (g kg -1 ), inflorescence (g kg -1 ; consisting of seeds), and leaf/stem ratio were measured. The material was individually weighed to obtain green weight and was then placed in a forced ventilation oven at 55 °C for 72 h to obtain dry weight. The percentage of morphological components based on DM was then calculated. Using the dry biomass data, the leaf/stem ratio was calculated by dividing leaf weight by stem weight. All evaluations were carried out in both years (2014 and 2016).
Productive characteristics and chemical composition
The production of green forage biomass, dry forage biomass, leaf biomass, stem biomass, dead biomass, and inflorescence biomass were evaluated at the 2014 and 2016 harvests. Plants within the useful area were manually cut and weighed to calculate green biomass. Afterward, they were placed in a forced ventilation oven at 55 °C for 72 h to determine dry weight and obtain the morphological component and forage biomass (kg ha -1 ) production.
Forage species samples (triplicate) were processed as 2-5 cm particles in a stationary forage machine (GT-2000L Garthen, Navegantes, Santa Catarina, Brazil), and a 300 g sample was removed to determine pre-dried biomass. Predried samples were ground in a knife-type Wiley Mill (Tecnal, Piracicaba, São Paulo, Brazil) with a 1.0 mm mesh sieve, packed, and sealed in 250 mL disposable round plastic food pots (Prafesta, Mairiporã, São Paulo, Brazil) with lids.
Laboratory analyses were performed for DM, crude protein (CP) concentration (N × 6.25) (method 981.10; AOAC, 1990), ash (942.05; AOC, 1990) , and ether extract (EE) (920.29; AOAC, 1990) . To determine the content of neutral detergent fiber (NDF) and acid detergent fiber (ADF), the methodology described by Van Soest et al. (1991) was used along with the modifications proposed in the Ankom device manual (Ankom Technology Corporation, Macedon, New York, USA). Non-fibrous carbohydrates (NFC) were determined by the equation indicated by Mertens (1997) : NFC = 100 -(CP + NDF + ash + EE). The ADF residue was subsequently analyzed for acid detergent lignin (ADL) by cellulose solubilization with sulfuric acid according to AOAC (2002) . Hemicellulose was calculated as the difference between NDF and ADF and cellulose content as the difference between ADF and the ADL. Total digestible nutrients (TDN) were calculated according to the equation proposed by Capelle et al. (2001) : TDN = 99.39 -0.7641 × NDF.
Experimental design and statistical analysis
The experiment used a randomized complete block design with split-plots related to time and four replicates for growth, morphological, and production characteristics. Plots consisted of four different forage species (corn, sunflower, millet, and sesame) and subplots for two evaluation periods (2014s and 2016s harvests). Samples were taken in both the 2014 and 2016 harvests. To evaluate the chemical composition, the experiment used a randomized complete block design with four replicates and with data from the 2014 harvest. The results were statistically analyzed by ANOVA and means comparison by Tukey's test at P < 0.05 with the Sisvar 5.6 software (Ferreira, 2011) .
RESULTS
Growth characteristics
There was an interaction effect (Table 2) between the forage species and harvests on the growth variables. Millet and sesame showed a higher percentage of live plants (P < 0.0001) compared with corn and sunflower in the 2014 harvest. However, in the 2016 harvest, there was no difference between the species and the percentage of live plants. Sesame, millet, and corn were higher (P = 0.0046) for plant height in the 2014 harvest. However, millet and sesame were higher for the 2016 harvest, with heights of 1.45 m and 1.34 m, respectively. Corn and sunflower showed similar values, but these were lower than the other species. Sesame and sunflower showed higher percentage of plant lodging (P = 0.0004) in the 2014 harvest. As for the 2016 harvest, there was no difference among the studied species for plant lodging.
Morphological components
The 2016 harvest was superior to the 2014 harvest (P < 0.0001) (Table 3) for most species regarding leaf percentage, except for sunflower that did not show a significant difference between harvests. However, species did not differ for leaf components in the 2014 harvest. Corn and sesame showed higher leaf percentages in the 2016 harvest, and the stem component was higher in the 2014 harvest (P = 0.0004) compared with the 2016 harvest. Sesame produced more stem and sunflower had a lower percentage of this component (P < 0.0001) among the studied species.
Corn (P < 0.0001) had the highest value among the crops for the morphological dead material component. Sunflower, millet, and sesame showed no difference between harvests. Sesame did not produce dead material in the two studied harvests.
Corn, millet, and sesame showed higher leaf/stem (P < 0.0001) ratios in the 2016 harvest compared with the 2014 harvest. Sunflower showed the highest leaf/stem ratio (0.58) in the 2014 harvest. The other species did not differ in the 2014 harvest. Corn was superior compared to the other studied forage species for leaf/stem ratio in the 2016 harvest.
Productive characteristics and chemical composition
The green forage biomass production of corn varied (P = 0.0320) with values of 58 000 and 27 300 kg ha -1 for the 2014 and 2016 harvests, respectively (Table 4) . Sesame, millet, and sunflower showed no variation in dry forage biomass production between harvests. There was no difference among species for green forage biomass production in the 2014 harvest. However, millet, sesame, and corn in the 2016 harvest yielded higher green forage biomass (P = 0.0320). For dry forage biomass production, there was no difference between the sunflower and sesame crops. Corn had higher dry forage biomass production in the 2014 harvest compared with the 2016 harvest, and it was different from millet, which obtained higher dry biomass forage production in the 2016 harvest.
Corn exhibited the highest dry forage biomass production (25 530 kg ha -1 ) in the 2014 harvest. However, sesame, sunflower, and millet did not differ with values of 12 190, 9480, and 9250 kg ha -1 , respectively. Millet and sesame in the 2016 harvest showed higher dry forage biomass yields, but sesame did not differ from sunflower and corn.
There was no difference between harvests for dead biomass production (P < 0.0001). Corn exhibited higher dead biomass production (P = 0.0582) and sesame produced no dead material, regardless of the harvest. As for inflorescence biomass production (P < 0.0001), there was a difference between harvests for corn, millet, and sunflower; corn showed higher inflorescence biomass production (P < 0.0001) in the 2014 harvest. Inflorescence biomass production (P < 0.0001) in the 2016 harvest was higher for millet, which did not differ from sunflower and corn. Table 2 . Growth characteristics of sesame and forage species used to produce silage for 2014 and 2016 harvests.
Harvest
The chemical composition of the forage species was only evaluated in the 2014 harvest (Table 5 ). The highest DM content (P < 00001) was observed for corn and sesame. Millet and sunflower showed a lower concentration. Ash content (P = 0.0077) was higher in millet than in corn, which had the lowest concentration for this variable. Neutral detergent fiber (NDF; P < 0.0001) ranged from 441.7 to 738.4 g kg -1 . It was verified that millet and corn showed higher fractions of NDF (P < 0.0001), differing from sesame and sunflower.
The ADF concentrations in sesame and millet did not differ, while sunflower and corn obtained a lower concentration (P = 0.0153). Sunflower and sesame had the highest CP contents (P < 0.0001) and had mean values of 167.2 and 117.7 g kg -1 , respectively. However, millet and corn had the lowest CP contents with means of 91.5 and 66.7 g kg -1 , respectively. The highest EE concentration was found in the sunflower and sesame crops, 146.1 and 105.4 g kg -1 , respectively, while corn and millet showed lower EE concentrations and did not differ.
The non-fibrous carbohydrate content (P = 0.0167) ranged from 75.0 to 159.2 g kg -1 in the studied species, and corn and sesame showed higher concentrations. Cellulose content (P < 0.0001) did not differ among forages. Millet exhibited higher ADL content (P = 0.0171), but corn and sesame were similar. Corn, millet, and sesame did not differ for the hemicellulose content (P < 0.0001), but sunflower had the lowest content. For total digestible nutrients (P < 0.0001), sunflower and sesame exhibited higher concentrations compared with corn and millet. Table 3 . Morphology of sesame and forage species used to produce silage for 2014 and 2016 harvests.
DISCUSSION
Growth characteristics and morphological components
The millet and sesame species showed a higher percentage of live plants, which means less agronomic management is needed, such as plant thinning and weed control, for the adequate development of the crop because it increases the plant cover area in the soil; in addition, it is correlated with greater forage biomass production. Sunflower showed lower height due to the greater number of plants.
The high plant lodging percentage of sunflower and sesame in the 2014 harvest can be attributed to higher rainfall at the end of the productive cycle. According to Demétrio et al. (2012) , lodging is a complex phenomenon and its expression depends on genetic factors related to climate factors, soil, adopted agronomic practices, and damage caused by pests and Green forage biomass production (kg ha -1 ) Table 2) .
The corn, millet, and sunflower species exhibited a high percentage of dead material (Table 3) ; this fact can be explained by irregular rainfall (Figure 1 ) in the region that compromises the phenological development of these species. The high amount of dead material in corn might reduce the quality of forage produced and compromise the chemical composition.
A higher percentage of leaves and inflorescences (presence of grains) provides better nutritive value to the forage (Moraes et al., 2013) . A higher percentage of leaves and inflorescences (presence of grains) was observed in corn and sunflower in both years. The presence of grains is directly related to the greater fermentative capacity and nutritional value of the produced silage (Simão et al., 2015) .
Regarding total leaf DM, sesame showed high leaf abscission, which was different from corn that retained dead leaves on the plant. This characteristic of sesame is indicative of adaptation to regions with irregular precipitation (tropical or subtropical climate) because even with below-average rainfall it can stay longer in the field. In addition, it was among the species that took the longest time to reach the time to harvest, approximately 100 d.
The lower stem percentage in sunflower might confer lower fiber content in its chemical composition. According to Perazzo et al. (2014) , the stem presents high fiber content compared with the leaf, thus compromising digestibility. The Table 5 . Chemical composition of sesame and forage species used for silage production in the 2014 harvest.
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Sesame P values SEM Figure 1 . Precipitation data (mm) and mean temperature (°C) from 11 January to 21 April 2014 and from 10 January to 14 April 2016.
plant's nutritional value can be compromised when stem production is greater than leaf percentage. The part of the plant with the highest protein and carbohydrate content is the seed, giving a significant value to the produced forage because it allows a better quality plant.
Sunflower and corn showed higher leaf/stem ratios in the 2014 and 2016 harvests, respectively. This indicates the better quality of forage produced by these plants. According to some authors, a greater participation of the leaf component is preferable because this portion of the plant is usually more nutritive compared with the stem (Santos et al., 2013; Parente et al., 2014) .
